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(54) VEHICLE VIBRATION REDUCING DEVICE 

(57)Abstract: 

PURPOSE: To provide a vehicle vibration reducing 
device capable of improving a domain where the 
characteristic of transmitting vibration are 
deteriorated by the use of a dynamic damper unit 
attached to the unsprung mass, effectively performing 
vibration control in a wide frequency range, thereby 
improving ride comfort. 
CONSTITUTION: A dynamic damper unit 40 
consisting of a spring 31, a mass 33, a variable 
damper 35, and an actuator 37 for changing the 
damping coefficient of the variable damper 35 is 
attached to an upper arm 11. High-frequency 
vibration inputting from a road surface projection 45 
to a suspension is detected by a vibration 

acceleration sensor 47. The ECU 50 selects a frequency range where the reduction of 
vehicle vibration is desirable especially, or necessary by means of range-judgement using 
the difference in the magnitude of vehicle vibration, the magnitude ratio, etc., in two 
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frequency ranges, sends a signal to a driving unit 51 so that the damping force of the 
damper corresponds to the selected frequency range, to actuate the actuator 37. 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a damping force ~ adjustable, while attaching in a suspension configuration member a 
controllable damper, a spring, and the dynamic-damper imit that consists of mass A detection means 
to detect the car vibration corresponding to the road surface oscillating input firom a wheel, Car 
oscillating reduction equipment characterized by having the control means which carries out 
adjustable control of the damping force of the above-mentioned damper corresponding to at least two 
frequency regions in the rigid-body vibration system of a spring top and unsprung mass based on the 
oscillating information detected by this detection means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the oscillating reduction equipment of a car. 
[0002] 

[Description of the Prior Art] Conventionally, the attenuation force-control equipment which 
controls the damping force of a shock absorber and aims at improvement in riding comfortability is 
known, and there is attenuation force-control equipment which controls a damping force as the 
example based on the spring top rate dXl and the relative velocity dY between the bottoms of a 
spring top and a spring in 2 degree-of- freedom oscillating model shown in drawing 4 (A) and which 
applied the so-called skyhook theory. In addition, for the inside ml of drawing, it is sprung mass and 
rn2 is unsprung mass, kl is a vertical spring constant between the bottoms of a spring top and a 
spring, and k2 is a wheel vertical spring constant. Moreover, cl is a vertical damping coefficient 
between the bottoms of a spring top and a spring, and u is a road surface displacement entry. 
[0003] In this case, as shown in drawing 5 , oscillating reduction near spring top resonance point PA 
which is a peak by the side of low frequency, and between the spring top resonance point PA and the 
bottom resonance point PB of a spring can be performed effectively. However, since sprung mass 
ml and unsprung mass m2 were almost in phase, it moved by the bottom resonance point PB of a 
spring and the damping force of an absorber was not able to be used effectively, it was difficult to 
perform vibration deadening in this neighborhood effectively. In order to perform low frequency 
vibration deadening especially, when making the high damping force act (the graph in 1= 1500 etc. 
reference [ For example, setting to drawing 5 . c ].), oscillating transfer near bottom resonance point 
PB of a spring beceime large, and had produced the very large feeling of GOTSUGOTSU of 
displeasure. 

[0004] Then, as shown in the oscillating model of drawing 4 (B), newly attaching the dynamic- 
damper unit 1 00 which changes from a spring, mass, and a damper to the imsprung mass m2 section 
is known. The example which tuned up the resonance frequency of the dynamic-damper unit 100 to 
the bottom resonance frequency of a spring is shown in drawing 6 . Although the oscillating transfer 
in the frequency domain P near bottom resonance point PB of a spring can be reduced as shown in 
the dotted line in drawing 6 , in the still higher frequency domain Q, transfer characteristics are 
going up on the contrary (see the slash section in drawing 6 ). Thus, it might become a demerit 
conversely to attach the dynamic-damper imit 100 depending on a road surface input frequency. 
[0005] Then, this invention improves the field where the oscillating transfer characteristics by the 
dynamic-damper unit attached in unsprung mass get worse, performs vibration deadening in a broad 
frequency domain effectively, and aims at offering the car oscillating reduction equipment which can 
aim at improvement in riding comfortability. 
[0006] 

[Means for Solving the Problem] The car oscillating reduction equipment of this invention made in 
order to attain the above-mentioned purpose a damping force ~ adjustable, while attaching in a 
suspension configuration member a controllable damper, a spring, and the dynamic-damper unit that 
consists of mass A detection means to detect the car vibration corresponding to the road surface 
oscillating input from a wheel. It is characterized by having the control means which carries out 
adjustable control of the damping force of the above-mentioned damper corresponding to at least two 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 6/6/2007 



JP,06-143966,A [DETAILED DESCRIPTION] 



Page 2 of 3 



frequency regions in the rigid-body vibration system of a spring top and unsprung mass based on the 

oscillating information detected by this detection means. 

[0007] 

[Function] According to the car oscillating reduction equipment of this invention, the frequency 
component near the resonance frequency of a dynamic-damper imit causes resonance of a dynamic- 
damper unit among vibration inputted into a suspension through a wheel from a road surface, 
vibrational energy is changed into heat energy and stripping is carried out out of a system. Under the 
present circumstances, since adjustable control of the damping force of the damper in a dynamic- 
damper unit is carried out by the control means corresponding to at least two frequency regions in 
the rigid-body vibration system of a spring top and unsprung mass, oscillating reduction in a broad 
frequency domain can be performed effectively. 

[0008] for example, the above — even if few, effective oscillating reduction in a broad frequency 
domain is realizable for the damper damping force according to the frequency domain by carrying 
out adjustable control with the field judging using the difference of the magnitude of car vibration of 
two frequency regions, a ratio, or a predetermined map by wanting to reduce especially car vibration 
or choosing a frequency domain with the need for reduction. 
[0009] 

[Example] The example of this invention is explained to a detail based on a drawing below. Drawing 
i shows the whole double wishbone type suspension configuration adopted as a passenger car, and is 
equipped with the upper arm 11, the ROWA arm 13, the axle carrier 15, an axle 17, the tire 19, the 
shock absorber 21, the coil spring 23, and the frame (or subframe) 25 as main components. 
[0010] And the upper arm 1 1 is equipped with the dynamic-damper imit 40 which consists of the 
actuator 37 for changing a damping coefficient by changing the diaphragm in a spring 31, a mass 33, 
the adjustable damper 35, and the adjustable damper 35. In addition, the object equipped with this 
dynamic-damper unit 40 should just be a suspension configuration member which constitutes not 
only the upper arm 1 1 but unsprung mass. 

[001 1] The dynamic-damper unit 40 changes into heat energy the vibrational energy transmitted 
from the upper arm 11 in the number field of resonance specified with a spring constant k3, the mass 
m3 of a mass 33, and the damping coefficient c3 of the adjustable damper 35. Moreover, explanation 
of a system-wide configuration detects first the high frequency oscillation inputted into a suspension 
from the road surface projection 45 by the vibration acceleration sensor 47 with which is car-body 27 
pars basilaris ossis occipitalis, and right above [ suspension ] was equipped. It judges whether this 
detecting signal is made to be inputted into ECU50, and changes the damping force of the adjustable 
damper 35 within ECU50. In addition, change of a damping force is obtained by operating an 
actuator 37 and changing the damping coefficient of the adjustable damper 35. In changing a 
damping force, it carries out by generating the current for making a mechanical component 5 1 drive 
an actuator 37 for a driving signal in delivery and this mechanical component 51. 
[0012] Next, in the configuration mentioned above, the flow and effectiveness of the damping-force 
adjustable processing to the dynamic-damper unit 40 are explained, the car with which it is not 
equipped with the dynamic-damper unit 40 as shown in drawing 3 ~ suppose that a spring top from 
the first and the bottom resonance frequency of a spring are a (Hz) and b (Hz), respectively. Here, 
the case where it is equipped with the dynamic-damper xmit 40 tuned up to bottom resonance 
frequency of spring b (Hz) is considered. 

[0013] Drawing 2 is a block diagram explaining actuation of ECU50. this example is shown in block 
1 10,1 1 1 — as — the detecting signal (vibration acceleration d2 X) from the vibration acceleration 
sensor 47 — two kinds of band pass filters (it only expresses also BPF below.) ~ respectively ~ 
inputting — every ~ it is taken out as a predetermined frequency component by passing along BPF. 
[0014] With block 110, oscillating component d2 XP which is equivalent to the predetermined 
frequency domain P near bottom resonance frequency of spring b (Hz) BPF#1 is taken out, and 
oscillating component d2 XQ which is equivalent to the frequency domain Q higher than the above- 
mentioned frequency domain P BPF#2 is taken out by block 111. 

[0015] In this way, two oscillating component d2 XP(s) and d2 XQ which were taken out are sent to 
block 1 12. Block 1 12 compares the value (k-d2 XQ) which multiplied oscillating component d2 XQ 
equivalent to a frequency domain Q by the constant k, and oscillating component d2 XP equivalent 
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to a frequency domain P. 

[0016] In the judgment in block 112, when the oscillating component d2XP equivalent to a 
frequency domain P is larger, in order to judge with vibration of a frequency domain P being 
reduced, to progress to block 113 and to generate a lower damping force in the dynamic-damper unit 
40, the actuator indication signal VP for changing the damping coefficient of the adjustable damper 
35 is set up. The indication signal VP is sent to a mechanical component 51, and changes the 
damping coefficient of the adjustable damper 35 through an actuator 37. 

[0017] When the indication signal VP in this case shall be made into a damping coefficient C 3= 
300, as a broken line shows in drawing 3 , surely transmissibility falls in a frequency domain P, and 
it tums out that the oscillating reduction effectiveness is demonstrated. When the value (k-d2 XQ) 
which, on the other hand, multiplied oscillating component d2 XQ equivalent to a frequency domain 
Q by the constant k is larger, in order to judge with vibration of a frequency domain Q being 
reduced, to progress to block 114 and to generate a higher damping force in the dynamic-damper 
unit 40, the actuator indication signal VQ is set up. 

[0018] When the indication signal VQ in this case shall be made into a damping coefficient C 3= 
5000, as a two-dot chain line shows in drawing 3 , it tums out that the oscillating reduction 
effectiveness is demonstrated in a frequency domain Q to be sure. Thus, he wants to reduce the 
frequency region which has the dominant amplitude among high frequency oscillation, i.e., car 
vibration, or a frequency domain with the need for reduction is chosen, and since the dynamic- 
damper unit 40 is controllable to become a damping coefficient effective for oscillating reduction of 
the frequency domain, effective oscillating reduction in a frequency domain broader than before is 
realizable. Therefore, the feeling of GOTSUGOTSU resulting from high frequency oscillation and 
the shock resulting from harshness can be reduced, and riding comfortability can be raised. 
[0019] in addition ~ although the field judging was carried out using the ratio of the frequency 
component equivalent to two frequency domains in the example of control mentioned above ~ the 
difference of a frequency component — or a field judging may be performed using a predetermined 
map. 
[0020] 

[Effect of the Invention] Since adjustable control of the damping force of the damper in a dynamic- 
damper imit is carried out corresponding to at least two frequency regions in vibration system 
according to the car oscillating reduction equipment of this invention as explained above, effective 
oscillating reduction in a frequency domain broader than before is reaUzable, the shock resulting 
from the feeling of GOTSUGOTSU resulting from high frequency oscillation or harshness is 
reduced, and the effectiveness that riding comfortability can be raised is done so. 
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3. In the drawings, any words are not translated, 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram showing the whole double wishbone type suspension 
configuration which adopted one example of this invention. 
[Drawing 2] It is a block diagram explaining control processing of this example. 
[Drawing 3] It is a graph to show the oscillating reduction effectiveness by this control processing. 
Drawing 4] It is the explanatory view showing the oscillating model with which (A) added 2 
degree-of-freedom oscillating model, and (B) added the dynamic-damper unit, respectively. 
[Drawing 5] It is the graph which shows the effect of a damping coefficient in 2 degree-of-fireedom 
oscillating model. 

[Drawing 6] It is the graph which shows the effect of [ at the time of adding a dynamic-damper 
unit ] . 

[Description of Notations] 

PA — Top resonance point PB ~ Bottom resonance point 11 [ 19 ~ Tire 21 / 35 — Adjustable damper 
37 / 45 / 50 — ECU 51 — Mechanical component / — A road surface projection 47 — Vibration 
acceleration sensor / ~ An actuator, 40,100 — Dynamic-damper unit / — A shock absorber, 33 — 
Mass ] ~ An upper arm, 1 3 — RO WA arm 

[Translation done.] 
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DRAWINGS 




[Drawing 2 ] 
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[Drawing 6] 
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